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I. PROJECTED AIR QUALITY MODELING EFFECTS AT NOAA’S
WALKER BRANCH MONITORING TOWER

1.0 BACKGROUND

National Oceanic and Atmospheric Administration (NOAA) has an ongoing research program
within the Walker Branch Watershed investigating the ramifications of global climate change.
As part of this research program, NOAA has been collecting information on CO2 and heat flux
across the forest canopy for approximately 5 years.  This research program is expected to
continue for many years.

DOE is proposing to construct and operate the Spallation Neutron Source (SNS), on the
preferred location, Chestnut Ridge, that is approximately 1.5 km west of the NOAA research
tower.  The SNS will have mechanical draft cooling towers to dissipate excess heat and will use
natural gas as a fuel for general space heating.  This study is designed to provide a preliminary
assessment of the potential impacts that the SNS may have in the quality of the data from the
NOAA research tower.  The overall study is designed to provide information on the impacts
associated with water vapor in the cooling plume, and CO2 and NOx released from the
combustion of natural gas.

2.0 AIR QUALITY MODEL

EPA’s backbone air quality model, the Industrial Source Complex Short Term (ISCST3, version
97363) model, was chosen to assess the effects from the sources of concern at the SNS.  The
ISCST3 model is a complex, straight-line, steady-state Gaussian plume model that can be used to
model a number of sources that might be present at a typical industrial facility.

The ISCST3 model accepts hourly meteorological data to define the conditions for plume rise,
transport, diffusion, and deposition.  Output from the model can take many forms; but, it
generally consists of an echo of the input runstream, summary of all modeling inputs, and
modeling results summarized in several requestable formats (U.S.E.P.A., 1995).

2.1  Model Input

Input to the ISCST3 model is of two basic types: (1) the input runstream file, and (2) the
meteorological data file.

2.1.1  Input Runstream

This file contains the selected modeling options, as well as source location and parameter data,
receptor locations, meteorological data file specifications, and output options.
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For this “Phase I” study two groups of sources were modeled: (1) the cooling towers for water
vapor emissions, and (2) a group of ten (4 MW scenario) small boiler stacks located on various
SNS structures for CO2 and NOx emissions.

The 13  adjacent cooling towers (cells) present were modeled as a single combined source with
an overall water vapor emission rate of 350 gallons/minute and other stack parameters as
supplied by Conventional Facilities Team personnel.  The 10  boiler stacks were modeled as
discrete point sources.  Stack diameters and heights were provided as indicated previously, while
exit velocities and temperatures were based upon an average value taken from boiler
manufacture literature.  Existing boiler emission rates were taken from AP42 (U.S.E.P.A., 1995)
and are summarized below:

Combustion Products from Natural Gas-Fired Boilers at SNS
Combustion Products Rate (lbs/mmcf)¹ Rate (lbs/hr)²

NOx 100 3.48
CO2 1.2E+05 4184

¹  Emission factors from EPA AP42 for commercial boilers (rating 0.3 to 10 mmBtu/hr)
²  Based on cumulative output of 10 boilers at SNS with total heat load of 34,870,000 Btu/hr
(0.0349 mmcf/hr).

Universal Traverse Mercator (UTM) coordinates, defining the location of each source in meters,
were also provided to the model as well as source elevations.  These locations along with source
elevations were provided to the model.  Input of source elevation data allows the model to
perform intermediate and complex terrain calculations (via the incorporated COMPLEX I
model).  Complex terrain is defined as those receptor locations with elevations greater than a
modeled stack top release elevation.  For this study, only one receptor location was used (the
NOAA monitoring tower location).  This receptor also had a “flagpole” elevation (36 m) input
that requests that the model provide concentrations 36 m from the ground elevation (where the
instruments are located on the tower).

Building parameters were also input to the model to implement building downwash procedures.
Other pertinent information input to the model included the use of “rural” wind profile
exponents, vertical temperature gradients and mixing heights, and selection of the regulatory
default option that sets a number of specific options to a selected default value.

2.1.2  Meteorological Data

Surface meteorological data supplied to the model consisted of one year (1991) of 15 minute
averages for wind direction, mean wind speed, ambient temperature, solar radiation, and sigma-
theta collected at NOAA’s Walker Branch monitoring tower.  Missing data were filled using data
from additional nearby towers or by averaging surrounding period data for short missing periods.
Solar radiation and sigma-theta are not used directly by the ISCST3 model but used (by the
method indicated in Sect. 6.4.4.4. of U.S.E.P.A., 1987) to calculate stability category.  This
procedure was modified to reflect a surface roughness of 1.2 m and effective anemometer height
of 9.1 m as suggested for the Walker Branch site by NOAA personnel.
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A Fortran code was prepared to read these data, convert to the correct units when necessary, and
write the values out to a new file in the correct format for ISCST3 use.  Upper air data (mixing
heights) were also taken from a preprocessed file of Knoxville/Nashville, TN 1991 surface/upper
air data compiled from data downloaded from EPA’s SCRAM bulletin board.  Linear -
interpolation was used to provide a mixing height for each 15-minute average from the 1-hour
averages provided in the preprocessed file.  All wind speeds less than 0.7 m/sec were considered
a calm and set to zero (not processed by the model).

2.2  Model Output

Output from the ISCST3 model runs was somewhat different than normally expected in that the
meteorological data utilized were 15-minute average data rather than 1-hour data.  For this
reason, while the model indicates 1 hour averages are output, the averages are actually 15-minute
averages.  The dates shown for the output concentrations are incorrect because they were being
advanced by a factor of four.  Additionally, since four times as much meteorological data are
present as normal to an annual model run, four separate runs (each quarter year or approximately
three months) were preformed to cover the entire year of Walker Branch, 15-minute data.

Actual model output consisted of 15-minute averages (in micrograms/cubic meter) of water
vapor for the cooling tower and CO2 and NOx concentrations for the ten boiler stacks output at
the monitoring tower location.  The printed output consisted of a set of tables summarizing the
maximum 50 concentrations for each of the modeled releases and two additional files listing the
concentrations for every 15-minute period and every non-zero concentration, respectively.
Approximately 80 – 85 percent of all projected concentrations at the tower are zeros (due mainly
to wind direction not blowing from the sources toward the tower during that time).

ISCST3-projected maximums were 1.04 g/m³ for water vapor, 27,569 µg/m³ for CO2 and
23 µg/m³ for NOx.  A copy of the ISCST3 output for the third quarter modeled is included in this
appendix.

One important factor in considering the concentrations obtained is that these are conservative,
probably worst-case, projections.  The emission rates assume continuous, annual operation of all
sources at full-rated capacity.  The 350 gal/min emission rate for the cooling towers is for
“droplet and vapor drag out.”  For modeling purposes, the assumption was made that this water
is all vapor or aerosol.  In reality, some larger droplets may be present and more may form as the
plume travels downwind.  These particles may condense or drop out before ever reaching the
monitoring tower.  The extent of this phenomena would probably be highly dependent upon local
ambient meteorological conditions at any given time.
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